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INTRODUCTION 
Pink root disease caused by Pvrenochaeta terrestris 
(Hansen) Gorenz, Larson and Walker is a continuing threat to 
onion production. Field resistance to the disease which 
occurs in Yellow Bermuda has been transferred to many 
varieties and inbreds. This resistance though not complete 
affords some measure of control. Higher levels of resistance 
are the goals of breeding programs of state universities and 
the U. S. Do A. These programs generally include screening 
seedlings in infested sand cultures in temperature tanks. 
Progenies with little or no resistance to the disease are 
eliminated and only the more resistant are planted for field 
selection. Sand cultures with regulated temperatures permit 
standardization of screening methods. They do not, however, 
provide the fluctuating environmental conditions to which 
plants are subjected in the field. 
Environmental factor effects on soil borne pathogens 
like £. terrestris have been poorly understood probably due 
to difficulties in separating effects of these factors. The 
relationship of temperature to host-parasite interaction and 
growth of the pathogen in culture has been frequently studied. 
A close relationship between disease development and pathogen 
growth at different temperatures has been assumed to be an 
effect on susceptibility of the host (14)» Temperature 
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effects on growth of the pink root inciting organism and 
interaction of host and parasite have been observed, but a 
detailed comparison of temperature with growth of healthy-
onion plants has not been made. 
Moisture effects on healthy and diseased onion plants 
also have not been studied although general observations 
implicate moisture in disease development. Moisture and 
temperature effects on disease development must be understood 
to equate resistance as determined in tank tests with field 
results, and to increase the efficiency of future breeding 
efforts. 
The purpose of this investigation was to determine 
the effects of soil temperature, soil moisture and their 
interaction on growth of the host, growth of the pathogen 
and on disease development. 
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REVIEW OF PERTINENT LITERATURE 
Pink root disease of onions was first reported as a 
serious threat to onion production in Texas forty-five years 
ago (50) although the disease had been present there for 
eleven years when reported (51) and in Louisiana for eight 
years (10). The disease since has been reported from most, 
and is probably present in all onion growing areas of the 
United States and the world, e.g., South Africa (9), Russia 
(36), Brazil (4), and Australia (2). 
In Texas, a fungus, Fusarium malli n. sp., was shown 
to be the causal agent (49)• Later isolations indicated 
several other Fusarium species could also produce pink roots 
on onion plants (45)* Hansen (22) isolated from diseased 
onion roots a fungus which he later named Phoma terrestris 
n. sp. (21). This name was generally accepted until a 
further study of the morphology of the organism indicated 
it should be called Pvrenochaeta terristris (Hansen) Gorenz, 
Walker and Larson (19)» Recently certain onion inbred lines 
with known resistance to £. terrestris were reported with 
symptoms commonly associated with pink root disease. Isola­
tions yielded a Fusarium species which caused symptoms similar 
to those induced by £. terrestris. Pathogenicity tests 
indicated a more severe disease resulted when both organisms 
were present than with either organism by itself. The organism 
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was identified as Fusarium oxvsporum Schlecht. f. cerae 
(Hanz.) Snyd. and Hans. (31). 
Numerous monopot and dicot hosts for £. terrestris 
have been reported. Sprague considered the organism a wide­
spread but weak parasite on underground parts of cereals and 
many grasses (4?). He found £. terrestris to comprise 2.3 
per cent of all fungi isolated from roots of more than fifty 
species of native and introduced grasses. The fungus also 
has been isolated from naturally infected roots of lima 
beans (20), cow peas (20), tomatoes (52, 54), corn (6, 27, 32), 
sugar cane (3) and potato seed pieces (20). Prevalence of 
P. terrestris in mature corn roots was found to increase from 
8.0 per cent of the plants infected on July 26th to approxi­
mately 49 per cent by September 20th (32). Prevalence of P. 
terrestris was exceded only by Gibberella fu.iikuroi (Saw.) Wr. 
and was reported to be the only species which caused a red 
rot on corn roots (6). The organism has also been isolated 
from roots of Scots pine, Pinus svlvestris L., and was found 
to be one of two fungi commonly associated with Scots' pine 
roots after prolonged washings with running water (42). 
For many root diseases, when optimum temperature for 
disease development and for growth of the causal agent in 
vitro correspond closely, workers have assumed the primary 
effect of temperature was on the pathogen. An inverse rela­
tionship between optimum temperatures for disease development 
5 
and pathogen growth has been assumed as an effect of host 
resistance. Garrett, in referring to these generalizations, 
states (14, p. 213): 
In view of the wide divergence in recorded temperature 
optima for the known root diseases, therefore, it 
appears that the direct effect of temperature upon 
fungal growth rate is not an important component 
of the total effect of temperature upon disease. 
Soil temperature has been assumed generally to be 
the primary factor in development of pink root disease of 
onions. Disease ratings were highest at 28° C when both 
temperature and quantities of inoculum were varied (18), 
but to a lesser extent by quantity of inoculum than by 
temperature. Optimum growth of £. terrestris vitro and 
disease severity ratings occurred at approximately the same 
temperature. Other temperatures reported optimum for in 
vitro growth of the pathogen ranged from 26° to 29° C 
(7, 18, 20, 33, 37). 
An assumed relationship between soil temperatures 
and pink root disease development has been supported in the 
literature by general observations. One such observation 
suggested that disease was maximum at harvest time when soil 
temperatures were highest and that serious losses might be 
avoided if plantings were arranged so that greatest growth of 
onions occurred when soil temperatures were 60° to 75° F (51) • 
Another observation suggested that onions grown on lighter 
soils seemed to have more pink root disease, probably due to 
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higher soil temperatures (29). 
Other factors reported to favor pink root disease 
development include nematodes and thrips (51) • Infection was 
thought to be favored because of a general weakening of the 
plants and the creation of avenues through which infection 
could occur. 
General observations by previous workers also 
implicated moisture as an additional factor in disease 
development. In one case an author assumed that poorly 
leveled fields, where irrigation water did not reach all 
plants equally, favored disease development (5l)« Onions 
grown on field "high" spots which received less irrigation 
water were more severely infected than those on adjacent 
properly irrigated areas. Another similar observation was 
disease appeared to be more prevalent on dry than on moist 
soils (9). A reviewer stated in Louisiana losses from the 
disease were unusually severe following dry periods (53)• 
Another observation from resistance screening tests indicated 
disease was more severe if water was withheld from plants 
during the last week of the test^. 
Diseases known to be affected by soil moisture have 
been placed in two categories: those affected by high soil 
Norton, J. C., Associate Professor of Botany and 
Plant Pathology, Iowa State University, Ames, Iowa. Moisture 
effects on disease development. Private communication. 
I960. 
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moisture and those affected by low (17). Reasons for high 
soil moisture favoring infection include: 1. A medium for 
transmission of organisms with free swimming zoospores 
(Phycomycetes), 2. Induction of succulent growth of hosts 
(vascular wilts), 3« Dispersion of mycelial fragments by 
periodical flooding (Panama disease of bananas) and 4. 
Decreased aeration causing root injury (Armillaria mellea 
(Vahl.) Quel.). Reasons given for low soil moisture favoring 
disease development are: 1. Increased aeration for strongly 
aerobic pathogens (potato scab) and 2. Retarded natural host 
resistance (seedling blight of wheat and corn). 
The effects of soil temperature on pink root disease 
development have been well documented but the effects of 
soil moisture have been inferred only from general observa­
tions. 
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MATERIALS AND METHODS 
Disease Incidence at Clear Lake, Iowa in 1961 
Field observations 
Observation and yield trial plots of the onion breeding 
program at Iowa State University were planted on April 21, 
1961. These trials contained entries with various levels of 
pink root resistance. The blocks were thinned when the 
plants were six weeks old and discarded plants were examined 
for pink root symptoms. 
Isolations 
Southport White Globe (S.W.G.) onion seeds were planted 
on April 26, 1961, in 16-inch rows adjacent to the observation 
trials. Root samples for isolation were prepared following 
Borgman and Horton (l) using HgClg (1:1000) for 3-5 minutes as 
a surface disinfestant and using a plating medium of sterilized 
wheat straw dispersed in mineral agar (58). Root samples were 
placed adjacent to the pieces of straw, incubated for one week 
at room temperature (25°- 28° C) and examined for £. terrestris. 
Identification of the causal agent was based on pink symptoms 
on roots, cultural characteristics and/or mycelium on the 
wheat straw surface (58). Starting on July 7th, soil tempera­
tures at a depth of six inches were recorded on a soil thermo­
graph. 
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Moisture Holding Capacity of Sand 
In greenhouse experiments a quartz sand^ was used 
for reasons of uniformity, reproducibility and freedom of 
organic material. Moisture holding capacity (MHC) of the 
sand was determined following the technique described by 
Loomis and Shull (34)• 
Sand Culture of Onions 
Tanks similar to those described by Jones, Johnson 
and Dickson (30) were used to obtain sand temperatures of 
16°, 20°, 24° and 28° + 1° C. The tanks were located in 
Boom 31 of the Botany and Plant Pathology greenhouses where 
an average air temperature of 22° C was maintained between 
October and June when all tests were conducted. One-quart 
glazed crocks were submerged on racks in the tanks within an 
inch of the tops. The crocks were filled with non-infested 
quartz sand previously moistened with distilled water at the 
rate of 900 cc water to 10 kg of sand, a rate calculated to 
bring the sand to 100 percent moisture holding capacity. 
Onion seeds were planted 1/4 to 3/8 inch deep. Crocks were 
covered with sheets of glass to prevent moisture loss and the 
1"Flintshot" grade obtained from the Ottawa Silica 
Co., Ottawa, Illinois. 
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glass was shaded with paper to prevent insolation heating. 
The glass and paper were removed when onion plants had 
reached the "knee" stage. 
Inoculum for infesting sand was prepared according to 
methods used by Gorenz, Larson and Walker (18). Stock cul­
tures of P. terrestris were maintained on Difco^ potato 
dextrose agar (PDA) slants. Sterile petri plates containing 
PDA were seeded from a stock culture of P. terrestris and 
incubated at room temperature (circa 25° C) for two weeks. 
Culture PT18, originally isolated by Tims in Louisiana, was 
used because it had maintained a high degree of pathogenicity 
for nine years. Plugs of hyphal tips from plates were cut 
with a sterilized number three cork borer and transferred 
aseptically to a quart mason jar containing 300 cc of 
sterilized modified Czapek * s medium (18). Adequate sterile 
air exchange was provided by drilling a 1/4 inch hole in Ball 
Dome lids^ and plugging with cotton prior to sterilization. 
The medium consisted of: 2 gm NaNO^, 1 gm KHgPO^, 0.5 gm KC1, 
0.05 gm MgSOjj,, 0.01 gm FeSO^, 5° gm dextrose, 15 gm malt 
extract and 1000 cc distilled water (18). After seeding, the 
mason jar was shaken by hand daily for the first seven days 
to break up the mycelium and provide a larger number of 
1Difco Laboratories, Detroit, Michigan. 
^Manufactured by Ball Brothers Co., Muncie, Indiana. 
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centers of growth, and then was laid on its side. After 
three weeks, resulting mycelial mats and remaining liquids 
were transferred to a Waring blendor and macerated for 1-1/2 
minutes. The mixture was diluted to 900 cc with distilled 
water and thoroughly mixed with 10 kg of quartz sand. Crocks 
were filled to 1-1/2 inches of the top with the infested 
sand and a one-inch layer of non-infested sand, prepared as 
previously described, was placed on top. Seeds were planted 
in the non-infested sand. 
The onion variety Southport White Globe (SWG) was 
used in the first experiment and inbreds la 163 and B 2190 
were used in the second experiment. Inbred la I63 has a 
relatively low level and B 2190 has a relatively high level 
of resistance to pink root disease"*". Both inbreds were 
planted in each crock but were kept separate by a wood stake 
divider. Three crocks for each of the five moisture levels 
were planted and each crock was considered a replicate. 
Moisture levels were "maintained" at 20, 40, 60, 80 
and 100 per cent of moisture holding capacity (MHC) by 
weighing the crocks daily and adding sufficient distilled 
water to restore each crock to its original weight. Water 
was added with a hypodermic syringe equipped with a two-inch 
^•Horton, J. C., Associate Professor of Botany and 
Plant Pathology, Iowa State University, Ames, Iowa. 
Resistance levels of inbreds la 163 and B 2190. Private 
communication. 1961. 
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12 gauge needle by pushing the needle into the sand at four 
to six random locations. Approximately 1/4 to 1/6 of the 
water was delivered to each location. At weekly intervals, 
Iowa State mineral solution^- was added as replacement water. 
The plants were harvested after twenty-eight days, 
one variety at a time, and placed between moistened paper 
towels. Roots were pinched off at the base of the stem plate. 
Length of the longest leaf, hereafter referred to as top 
height, was measured. Plants of each replicate (two per 
crock in the second experiment) were weighed together and 
averaged. 
The first experiment was designed as a split plot and 
the second as a split-split plot. Missing plot data were 
calculated using the formula given in Cochran and Cox (5> 
p. 302)o Statistical analysis of data followed standard split 
plot techniques (5, 46). Non-infested and infested sand data 
were statistically combined separating three main effects in 
the first experiment and four main effects in the second. 
^Recommended by Dr. D. C. Foley, Associate Professor 
of Botany and Plant Pathology, Iowa State University, Ames, 
Iowa. The solution consists of 10 cc each of the following 
macro-nutrient solutions: NH4NO3 32.2 gm/1, CaCl^.2R^O 28.5 
gm/1, KC1 28.5 gm/1, KH2PO4 28.5 gm/1, MgS04.7H20 42.7 gm/1. 
Micronutrients used at the rate of 1 cc/1 of solution were 
prepared by bringing to volume with distilled water in a 
1000 cc volumetric flask the following salts: MnCl*4R^O 1.57 
gm, H3BO3 1.00 gm, ZnSOz^HgO 0.10 gm, CUSO4.5H2O 0.02 gm, 
molybdic acid (85 per cent) 0.06 gm, NaFe 47.5 gm (manufac­
tured by Alrose Chemical Co., Providence, Rhode Island). 
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Growth of P. terrestris in Culture 
A medium was prepared using the same macro- and micro­
element concentrations as previously described for modified 
Czapek's medium, but omitting the malt extract. Salts and 
different amounts of dextrose were weighed separately, added 
to a 1000 cc volumetric flask and brought to volume with 
distilled water. The resulting solutions were of 0.01, 0.05» 
0.1, 0.2, 0.3 and 0.4 molarity with respect to dextrose. 
Fifty cc of a solution was dispensed into a flask and steri­
lized in an autoclave for 15 minutes at 15 pounds per square 
inch. Three such flasks were made for each solution, and 
each flask was considered a replicate. 
Hyphal tips of mycelium were cut from previously 
seeded petri plates with a sterilized number three cork borer 
and two plugs were transferred aseptically to each flask. The 
flasks were placed on a rotary shaker at 225 revolutions per 
minute. Mycelial pads were harvested after twenty-six days 
by filtration on a Buchner funnel, reserving the filtrate. 
Pads were thoroughly rinsed with distilled water and dried 
at 80° + 1° C for forty-eight hours before weighing. 
Weights of dried mycelial pads were analysed 
statistically and means were compared with Duncan's multiple 
range test (8). Revised studentized values, determined by 
Barter (23), were used to determine the shortest significant 
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ranges. 
Each reserved, filtrate was divided into two aliquots. 
The first aliquot of 2 cc was added to 2 cc of Benedict's 
solution in a test tube and placed in a boiling water bath 
for two minutes. Presence of reducing sugars was indicated 
by the formation of a brick red precipitate. 
The second aliquot was used for osmotic pressure (OP) 
determinations. The freezing point depression technique as 
described by Loomis and Shull (34) was modified slightly with 
a siphon of glass and rubber tubing to remove brine from the 
ice bath. Three determinations were made of each replicate. 
Freezing point depressions of the original dextrose 
solutions were made by dispensing 10-20 cc of each solution 
in a test tube and autoclaving as before. Three determina­
tions were made on two samples of each molarity. The 
accuracy suggested by Loomis and Shull (34) of 0.005° C 
between samples was maintained in all determinations and 
osmotic pressures were calculated from freezing point 
depression formulas. 
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RESULTS 
Disease Incidence at Clear Lake, Iowa in 1961 
ZisM observations 
On June 21-23, 3*8 per cent of the onion plants 
examined exhibited pink root symptoms (Table 1). By July 
5th, the amount of disease had increased to 10.7 per cent 
and by July 16th to 29*5 per cent. Thinning was discontinued 
at this time. 
Table 1. Pink root disease of onion at Clear Lake, Iowa 
in 1961 
Date Number of Plants with Percentage 
plants pink root with pink 
examined symptoms root symptoms 
June 21 - 23 10,053 382 3.8 
July 5 4,224 452 10.7 
July 16 424 125 29-5 
Isolations 
Successful isolations of P. terrestris from onion 
roots increased from none to 100 per cent from June 9th to 
August 4th (Table 2). The frequency of successful isolations 
increased gradually during the first four weeks, reaching 
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10.8 per cent on July 7 th. During the next four weeks, 
successful isolations of £,. terrestris increased rapidly to 
100 per cent by August 4th. Soil temperatures increased from 
17° C on July 7th to 20° C on July 28th and decreased to 19° C 
on August 4th. 
Table 2. Isolation of P. terrestris from roots of onions 
grown at Clear Lake, Iowa in 1961 
Date Soil 
temperature3 
°C 
Isolations Percentage isolations 
vieldimrP. terrestris 
6/9 __b 0/120c 
o
 
o
 
6/16 
— —  1/120 0.8 
6/23 — —  5/120 4.2 
6/30 —  - 9/120 7-5 
7/7 17 13/120 10.8 
7/14 17 33/120 27-5 
7/21 18 47/120 39.2 
7/28 20 67/120 55*8 
8/4 19 120/120 100.0 
aAt 6-inch depth. 
^Readings started July 7th. 
^Numerator is number of successful isolations; 
denominator is number of attempted isolations. 
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Moisture Holding Capacity of Sand 
Six samples of sand tested varied from 8.2 to 9«8 
per cent moisture holding capacity (MHC), an average of 9*0 
per cent. For all experiments, 900 cc of liquid were added 
to 10 kg of sand to bring the moisture level to 100 per cent 
MHC. When lower levels were desired, water was reduced 
proportionately. 
Sand Culture of Onions 
Growth as measured by top height of Southport White 
Globe (SWG) onions was maximum at 28° C and 100 per cent 
moisture holding capacity (Table 3)• Top heights generally 
Table 3* Growth, as measured by top height in mm, of South-
port White Globe onions in non-infested sand 
Temperature3- Percentage moisture holding capacity 
°C 20 40 60 80 100 
16 67.2b 65 «8 78.5 71.7 86.3 
20 75-5 71.8 87.6 97.7 99.0 
24 62.4 79.2 87.0 98.8 112.2 
28 56.6 78.3 76.6 99-1 127.2 
^Temperature of water bath. 
^Average top height in millimeters of 48 plants. 
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increased as the level of moisture increased. At 20 per cent 
MHC, top height increased with an increase in temperature from 
16° to 20° C and decreased at 24° and 28° C. At 40 per cent 
MHC top height increased from 16° to 24° C and did not change 
appreciably at 28° C. Maximum top heights at 60 per cent MHC 
occurred at 20° and 24° C while top heights at 16° and 28° C 
were approximately equal to each other but less than 20° and 
24° C. Top heights increased with temperature from 16° to 20° 
at 80 per cent MHC and then did not change markedly. An in­
crease in top height occurred at each increase of temperature 
at 100 per cent MHC. More detailed information is available in 
Table 28, Appendix. In an analysis of variance, levels of 
temperature and moisture were significantly different at the 1 
per cent level (Table 4). An orthogonal comparison of the four 
degrees of freedom associated with moisture levels showed low 
levels of moisture (20 and 40 per cent) were significantly dif­
ferent from high levels (60, 80 and 100 per cent MHC). A compari­
son of the 60 per cent level with the 80 + 100 per cent MHC al­
so showed a highly significant difference. Also highly signif­
icant was the difference between the 80 and the 100 per cent 
MHC. The highly significant interaction of temperature by 
moisture suggested the effect of moisture was not the same at 
all temperatures or the effect of temperatures was not the 
same at all moistures. These results suggest temperature and 
moisture interact to influence plant development. Apparently, 
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Table 4. Analysis of variance of growth data summarized in 
Table 3 
Source of variation Degrees of 
freedom 
I-iean 
square 
Temperature 3 677.32** 
Reps./temperature (error a) 8 57.56 
Moisture 4 3005.76** 
20% + 40# vs. 60% + 80% + 100# MHC (1) 8186.27** 
20% vs. 40% MHC (1) 419.17 
60# vs. 80# + 100# MHC (1) 2183.50** 
80# vs. 100# MHC (1) 1234.10** 
Temperature x moisture 12 298.64** 
Error b 30  134.47 
Total 57 
^Significant at the 1 per cent level. 
low levels of moisture (20 and 40 per cent) do not differ in 
their effect on plant growth whereas higher moisture levels 
differ significantly. 
Growth of SWG onions as indicated by top weights was 
greatest at 28° C and 100 per cent MHC (Table 5)• In general 
as the moisture level was increased top weights increased. 
Top weights increased with a temperature increase from 16° to 
20° C but decreased at 24° and 28° C. An exception was at 100 
20 
Table 5* Growth, as measured by top weight in mg, of 
Southport White Globe onions in non-infested sand 
Temperature3, Percentage moisture holding capacity 
°C 20 40 60 80 100 
16  33 .8b  35.4 . 44.9 42.6 51.9 
20 40.5 39.8 49.1 56.2 57.7 
24 26 .1  35-4 39.7 47.9 56.0 
28 23 .1  36.2 28.2 43.7 59.7 
^Temperature of water bath. 
^Average top weight in milligrams of 48 plants. 
per cent MHC where no large change occurred between 20°, 24° 
and 28° C. More detailed information is presented in Table 29 
of the appendix. The analysis of variance of SWG top weight 
data showed temperature and moisture levels to be significantly 
different at the 1 per cent level exactly as had occurred with 
top height comparisons. The 60 per cent MHC was significantly 
different from the 80 and 100 per cent MHC at the 1 per cent 
level. The lack of significance for the interaction of 
temperature by moisture indicates a uniform effect of tempera­
ture at all moisture levels or moisture at all temperature 
levels. Again the 20 and 40 per cent levels were not sig­
nificantly different, thus confirming results of the top 
height observations. 
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Table 6. Analysis of variance of growth data summarized in 
Table 5 
Source of variation Degrees of 
freedom 
Mean 
square 
Temperature 3 296.21** 
Reps./temperature (error a) 8 19.17 
Moisture 4 1160.09** 
20% + 40% vs. 60% + 80% + 100% MHC (1) 2945.23** 
20% vs. 40% MHC (1) 203.58 
60% vs. 80% + 100% MHC (1) 1043.28** 
80% vs. 100% MHC (1) 448.07* 
Temperature x moisture 12 73.60 
Error b 30 63.ll 
Total 57 
•Significant at the 1 per cent level. 
^Significant at the 5 per cent level. 
Top heights of SWG onions when grown in infested 
sand were greatest at 100 per cent MHC (Table 7). The 
response to temperature at 40 and 80 per cent MHC resulted in 
a decrease at 24° C. In most cases top height increased from 
16° to 20° C, remained approximately the same or decreased at 
24° and decreased at 28° C. An exception occurred at 80 per 
cent MHC and 28° C where height again increased. At the 20 
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Table 7• Growth, as measured by top height in mm, of 
Southport White Globe onions in infested sand 
Temperature3-
°C 
Percentage moisture 
20 40 60 
holding 
80 
capacity 
100 
16 68.4b 57.3 54.0 66.4 76.2 
20 63.2 61.6 71.1 76.7 81.7 
24 56.2 52.2 60.7 59.7 81.2 
28 57.1 56.7 55.9 72.5 44.3 
^Temperature of water bath. 
^Average top height in millimeters of 48 plants. 
and 40 per cent levels, an increase in temperature caused 
a decrease or no appreciable increase in top height. More 
detailed information is presented in Table JO of the appendix. 
Analysis of variance showed levels of temperature were sig­
nificantly different at the 1 per cent level (Table 8). 
Moisture levels were significantly different at the 5 per 
cent level. An orthogonal comparison of low moisture 
levels versus the high moisture levels showed a significant 
difference between the two levels. The 60 per cent MHC 
was significantly different from the 80 and 100 per cent 
MHC at the 5 per cent level. The interaction of temper­
ature and moisture was highly significant indicating an 
unequal interaction between temperature and moisture. Again, 
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Table 8. Analysis of variance of growth data summarized in 
Table 7 
Source of variation Degrees of 
freedom 
Mean 
square 
Temperature 3 473.11** 
Reps./temperature (error a) 8 43.OO 
Moisture 4 421.79* 
20$ + 40% vs. 60% + 80$ + 100# MHC (1) 841.50** 
20% vs. 40$ MHC (1) H3.54 
60% vs. 80$ + 100$ MHC (1) 707.51* 
80$ vs. 100$ MHC (1) 24.60 
Temperature x moisture 12 240.63** 
Error b 27 IO3.52 
Total 54 
•""Significant at the 1 per cent level. 
^Significant at the 5 per cent level. 
there was no significant difference between the lowest moisture 
levels indicating even under diseased conditions, plant growth 
did not differ significantly below the 40 per cent MHC. A 
comparison of averages from Tables 3 and 7 shows as moisture 
was increased, growth did not increase correspondingly under 
diseased conditions. 
Top weights of SVG onions grown in infested sand at 
24 
40 and 80 per cent MHC increased as the temperature was 
increased from 16° to 20°, decreased at 24°, and again in­
creased at 28° C (Table 9)• 
Table 9* Growth, as measured by top weight in mg, of 
Southport White Globe onions in infested sand 
Temperature3-
°C 
Percentage moisture 
20 40 60 
holding 
80 
capacity 
100 
16 31.8b 22.9 23.3 31.0 35.4 
20 24.1 23.6 27.2 42.7 39.1 
24 18.7 20.1 21.6 23.5 25.6 
28 24.2 25.2 19-7 30.4 15.2 
^Temperature of water bath. 
^Averages of 48 plants. 
Greatest growth was shown by plants grown at the 80 and 100 
per cent MHC levels at 20° C. Table ]1 of the appendix 
contains more detailed information. Temperature and moisture 
levels were significantly different at the 1 per cent level 
(Table 10). The orthogonal comparison of the low versus the 
high moisture levels showed a highly significant difference. 
The 60 per cent MHC versus the 80 + 100 per cent levels showed 
a significant difference at the 1 per cent level. Differences 
in top weight were not significant between the 20 and 40 per 
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Table 10. Analysis of variance of growth data summarized in 
Table 9 
Source of variation Degrees of 
freedom 
Mean 
square 
Temperature 3 298.21** 
Heps./temperature (error a) 8 31.85 
Moisture 4 165.92** 
20$ + 40$ vs. 60$ + 80$ + 100$ MHC (1) 213.29** 
20$ vs. 40$ MHC (1) 18.20 
60$ vs. 80$ + 100$ MHC (1) 399.50** 
80$ vs. 100$ MHC (1) 32.67 
Temperature x moisture 12 94.77 
Error b 27 22.35 
Total 54 
^Significant at the 1 per cent level. 
cent MHC. Under diseased conditions, plant growth as measured 
by top height (Table 8) or weight (Table 10) was not signifi­
cantly different at 80 and 100 per cent MHC. This is in 
contrast with healthy plants (Tables 4 and 6) where signifi­
cant differences were found. Inspection of the averages for 
either method of measurement (Table 3 versus 7 and Table 5 
versus 9) indicates that growth at the higher moisture levels 
in infested sand was inversely influenced by temperature. At 
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lower moisture levels, this effect is not as obvious. 
Examination of results of the second, experiment using 
inbreds instead of SWG showed top heights of la 163 and B 2190 
were greatest at the 80 and 100 per cent moisture levels 
(Table 11). Generally as the moisture levels increased, top 
Table 11. Growth, as measured by top height in mm, of inbreds 
la 163 and B 2190 in non-infested sand 
Inbred Temperature^ Percentage moisture holding capacity 
°C 20 40 60 80 100 
la 163 16 48.1% 54.6 67.2 63.5 69.9 
20 67.1 54.0 62.9 85.6 93.0 
24 54.6 47.5 61.1 84.5 83.I 
28 45.2 61.7 85.2 91.8 96.0 
B 2190 16 46.6 57.0 62.3 59-2 72.1 
20 59.9 50.0 78.0 83.I 84.2 
24 47.5 55-8 59.7 76.1 72.0 
28 47.6 46.7 81.6 88.7 85-2 
^Temperature of water bath. 
13 Ave rage top height in millimeters of 48 plants. 
heights increased. It should be noted that the 80 and 100 
per cent levels with IA 163 and the 40, 60, 80 and 100 per 
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cent levels with B 2190 showed increases in top heights as 
temperature increased from 16° to 20° C. Top heights decreased 
at 24° and increased at 28° C. Analysis of variance of inbred 
top heights showed the main effects of temperature and moisture 
levels to be significantly different at the 1 per cent level 
(Table 12). All first-order interactions such as temperature 
by moisture, etc. were not significant indicating a uniformity 
of interaction between temperature, moisture and inbreds. The 
second-order interaction also was not significant. 
Maximum top weights of both inbreds occurred at high 
moisture levels and at 20° C (Table 13)• Several moisture 
levels (40, 60 and 80) showed an increase in top weights with 
a temperature increase from 16° to 20° C, followed by a 
decrease at 24°, and again an increase at 28° C. At all 
other moisture levels for both inbreds, maximum growth 
occurred at 20° C. Table 33 of the appendix contains individ­
ual replicate data. The analysis of variance showed tempera­
ture and moisture levels to be significantly different at the 
1 per cent level (Table 14). The first-order interactions of 
temperature by moisture and temperature by inbred were not 
significant. However the first-order interaction of moisture 
by inbred was significant at the 5 per cent level. 
Top heights of both inbreds grown in infested sand 
increased with an increase in moisture especially at 28° C 
(Table 15) except at the lower moisture levels. Heights 
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Table 12. Analysis of variance of growth data summarized in 
Table 11 
Source of variation Degrees of 
freedom 
Mean 
square 
Temperature 3 1111.81** 
Reps./temperature (error a) 8 107.83 
Moisture 4 4779.83** 
Temperature x moisture 12 314.40 
Error b 32 194.67 
Inbred 1 270.60* 
Temperature x inbred 3 44.56 
Moisture x inbred 4 57-31 
Temperature x moisture x inbred 12 82.97 
Error c 36 42.51 
Total 115 
"^Significant at the 5 per cent level. 
^^Significant at the 1 per cent level. 
generally increased with an increase in temperature from 16° 
to 20° C, followed by a decrease at 24° and another increase 
at 28° C. Growth was poorest at 16° and 24° C at the 60, 80 
and 100 per cent MHC for both inbreds. The analysis of 
variance showed highly significant differences between 
temperatures, moistures and the two inbreds (Table 16). All 
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Table 13. Growth, as measured by top weight in mg, of inbreds 
la 163 and B 2190 in non-infested sand 
Inbred Temperature3- Percentage moisture holding capacity 
°C 20 40 60 80 100 
la 163 16 33.4% 36.9 47.5 48.6 54.3 
20 39.5 39.9 47.2 71.0 72.1 
24 29.1 23.5 35.7 63.9 71.7 
28 20.8 37.8 47.3 63.2 67.6 
B 2190 16 31.2 39.0 45.9 48.6 54.0 
20 45.3 34.1 75-0 79.5 74.1 
24 27.9 31.6 36.6 58.8 53.6 
28 22.8 23.6 59.0 61.2 53.8 
^Temperature of water bath. 
^Average top weights in milligrams of 48 plants. 
first- and second-order interactions showed highly significant 
differences. 
Top weights of both inbreds grown in infested sand 
were maximum at 20° C and 100 per cent MHC (Table 17). Again 
as the moisture levels were increased, top weights of both 
inbreds increased. As the temperatures were increased, top 
weights increased to a maximum at 20° C, and then decreased. 
Weights at 28° C were equal to or less than weights at 16° C. 
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Table 14. Analysis of variance of growth data summarized 
in Table 13 
Source of variation Degrees of 
freedom 
Mean 
square 
Temperature 3 1191.77** 
Reps./temperature (error a) 8 134.99 
Moisture 4 5203.74** 
Temperature x moisture 12 234.36 
Error b 32 358.47 
Inbred 1 2.30 
Temperature x inbred 3 132.29 
Moisture x inbred 4 279.35* 
Temperature x moisture x inbred 12 106.33 
Error c 36 76.56 
Total 115 
^Significant at the 5 per cent level. 
^Significant at the 1 per cent level. 
Temperatures, moistures and inbreds showed highly significant 
differences (Table 18). The interaction of temperature by 
moisture showed a significant difference at the 5 per cent 
level. The interaction of temperature by inbred was highly 
significant. 
Analyses of variance in Tables 4 and 8 were combined 
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Table 15. Growth, as measured by top height in mm, of inbreds 
la 163 and B 2190 in infested sand 
Inbred Temperature3 Percentage moisture holding capacity 
°C 20 40 60 80 100 
la 163 16 37.2% 44.0 59.1 56.6 58.7 
20 51.1 45.3 50.6 71.3 86.3 
24 34.9 35.5 40.7 59.5 65.I 
28 28.5 30.5 53.3 69.4 74.4 
B 2190 16 40.5 52.5 57.9 54.3 66.4 
20 52.6 45.5 70.4 73.9 75-1 
24 39.7 44.9 50.4 64.0 65.6 
28 39.0 31.7 66.4 81.7 79.5 
^Temperature of water bath. 
13 Average top height in millimeters of 48 plants. 
into one analysis to separate treatment effects (infested 
versus non-infested sand). These effects showed a highly 
significant difference (Table 19). Temperature levels, 
moisture levels, the interaction of treatment by temperature, 
the interaction of treatment by moisture and the second-order 
interaction of treatment by temperature by moisture were all 
significantly different at the 1 per cent level. 
The combined analyses of variance presented in Tables 6 
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Table 16. Analysis of variance of growth data summarized in 
Table 15 
Source of variation Degrees of 
freedom 
Mean 
square 
Temperature 3 826.07** 
Reps./temperature (error a) 8 39.08 
Moisture 4 4799.48** 
Temperature x moisture 12 296.91** 
Error b 32 28.98 
Inbred 1 754.01** 
Temperature x inbred 3 54.32** 
Moisture x inbred 4 73.28** 
Temperature x moisture x inbred 12 69.10** 
Error c 40 12.24 
Total 119 
^Significant at the 1 per cent level. 
and 10 for SWG top weights showed the effect of treatment was 
significantly different at the 1 per cent level (Table 20). 
A highly significant difference also occurred between tempera­
tures, moistures, and the interactions of treatment by moisture 
and treatment by temperature by moisture. 
Effects of treatments were significantly different at 
the 1 per cent level when the top heights of inbreds la 163 
and B 2190 grown in non-infested and infested sand were 
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Table 1?• Growth, as measured by top weight in mg, of inbreds 
la 163 and B 2190 in infested sand 
Inbred Temperature3 
°C 
Percentage moisture 
20 40 60 
holding 
80 
capacity 
100 
la 163 16 21.4 25.5 37.2 37.0 43.4 
20 24.4 25.9 34.7 53.6 56.2 
24 19.6 24.6 27.3 39.2 54.1 
28 15.9 20.4 29.9 40.7 44.3 
B 2190 16 25.9 34.1 39.8 43.5 48.4 
20 35.5 40.0 45.8 58.4 64.8 
24 24.5 25.9 30.6 51.1 49.7 
28 17.9 21.6 30.2 48.9 49.2 
^Temperature of water bath. 
^Average top weight in milligrams of 48 plants. 
compared (Table 21). This analysis combined the data 
previously presented in Tables 12 and 16. Temperatures, 
moistures and the interaction of temperature by moisture 
showed highly significant differences. The first-order 
interactions of treatment by inbred, moisture by inbred, and 
the second-order interactions of treatment by temperature by 
inbred and temperature by moisture by inbred were significantly 
different at the 1 per cent level. 
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Data of Tables 13 and 17 were combined into one analy­
sis and are presented in Table 22. Top weights of inbreds 
were significantly different at the 1 per cent level for 
treatments, temperature levels, moisture levels and inbreds 
tested. The second-order interactions of treatment by inbred 
and temperature by inbred both showed significant differences 
at the 1 per cent level. Significantly different at the 5 
per cent level were the second-order interaction of moisture 
by inbred and the third-order interaction of treatment by 
moisture by inbred. 
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Table 18. Analysis of variance of growth data summarized 
in Table 1?* 
Source of variation Degrees of 
freedom 
Mean 
square 
Temperature 3 8O3.08** 
Heps./temperature (error a) 8 25.35 
Koisture 4 3521.42** 
Temperature x moisture 12 67.26* 
Error b 32 27.65 
Inbred 1 913-56** 
Temperature x inbred 3 73.15** 
Moisture x inbred 4 17.35 
Temperature x moisture x inbred 12 25.66 
Error c 40 12.99 
Total 119 
^Significant at the 5 per cent level. 
^Significant at the 1 per cent level. 
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Table 19• Combined analysis of data from Tables 3 and 7; top 
heights of Southport White Globe onions grown in 
non-infested and infested sand 
Source of variation Degrees of Mean 
freedom square 
Treatments 1 12360 .67** 
Reps./treatments (error a) 4 115 • 59 
Temperature 3 471 .98** 
Treatments x temperature 3 678 .44** 
Error b 12 31 .16 
Moisture 4 2669 .69** 
Treatments x moisture 4 757 .86** 
Temperature x moisture 12 178 • 55 
Treatments x temperature x moisture 12 360 .72** 
Error c 57 119 .08 
Total 112 
^^Significant at the 1 per cent level. 
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Table 20. Combined analysis of data from Tables 5 and 9; top 
weights of Southport White Globe onions grown in 
non-infested and infested sand 
Source of variation Degrees of 
f reedom 
Mean 
square 
Treatments 1 7926.75** 
Reps./treatment s (error a) 4 33.89 
Temperature 3 547•94** 
Treatments x temperature 3 46.47 
Error b 12 21.05 
Moisture 4 977.10** 
Treatments x moisture 4 348.91** 
Temperature x moisture 12 67.51 
Treatments x temperature x moisture 12 100.89** 
Error c 57 44.15 
Total 112 
^Significant at the 1 per cent level. 
36 
Table 21. Combined analysis of data from Tables 11 and 15; 
top heights of inbred la 163 and B 2190 onions 
grown in non-infested and infested sand 
Source of variation Degrees of 
freedom 
Mean 
square 
Treatments 1 8724.20** 
Heps./treatments (error a) 4 112.65 
Temperature 3 1612.16** 
Treatments x temperature 3 325.70* 
Error b 12 60.39 
Moisture 4 9560.90** 
Treatments x moisture 4 18.41 
Temperature x moisture 12 575.95** 
Treatments x temperature x moisture 12 35.36 
Error c 64 111.82 
Inbred 1 60.60 
Treatment x inbred 1 964.01** 
Temperature x inbred 3 O.35 
Moisture x inbred 4 128.26** 
Treatment x temperature x inbred 3 98.20* 
Treatment x moisture x inbred 4 2.32 
Temperature x moisture x inbred 12 140.28** 
Trmt. x temp, x moist, x inbred 12 11.88 
Error d 76 26.56 
Total 235 
^Significant at the 5 per cent level. 
^Significant at the 1 per cent level. 
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Table 22. Combined analysis of data from Tables 13 and 17; 
top weights of inbred la 163 and B 2190 onions 
grown in non-infested and infested sand 
Source of variation Degrees of 
freedom 
Mean 
square 
Treatments 1 7090.50** 
Heps./treatment (error a) 4 90.05 
Temperature 3 1873.08** 
Treatments x temperature 3 121.76 
Error b 12 76.87 
Moisture 4 8536.50** 
Treatments x moisture 4 188.67 
Temperature x moisture 12 244.02 
Treatments x temperature x moisture 12 49.83 
Error c 64 194.52 
Inbred 1 412.13** 
Treatment x inbred 1 503.73** 
Temperature x inbred 3 201.10** 
Moisture x inbred 4 154.21* 
Treatment x temperature x inbred 3 4.35 
Treatment x moisture x inbred 4 142.48* 
Temperature x moisture x inbred 12 70.05 
Trmt. x temp, x moist, x inbred 12 69.71 
Error d 76 41.88 
Total 235 
•^Significant at the 5 per cent 
^Significant at the 1 per cent 
level, 
level. 
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Growth of P. terrestrls in Culture 
Growth of P. terrestrls as measured by mycelial pad 
dry weights was greatest at a dextrose molarity of 0.2 
(Table 23)• Dry weight of mycelial pads increased with an 
increase in dextrose to the optimum of 0.2 M, followed by a 
decrease in dry weight at 0.3 M and an increase at 0.4 M 
(Table 23, Figure l). 
Analysis of both experiments showed sugar molarities 
to be significantly different at the 1 per cent level (Table 
24). A comparison of means with Duncan's multiple range test 
showed 0.2 M dextrose to be significantly different from other 
molarities at the 1 per cent level in both experiments (Table 
25)• No significant differences occurred between molarities 
of 0.1, 0.3 and 0.4 
Presence of reducing sugars after 26 days was indicated 
by a positive reaction with Benedict's solution at all sugar 
molarities except the 0.01 M solution (Table 26). Results 
of the reducing sugar test were the same between replicates 
and experiments. 
The 0.01 M solution had an osmotic pressure (OP) of 2.40 
atmospheres and the 0.4 M solution had an OP of 14.75 at­
mospheres (Table 27)• Other dextrose molarities had values 
between these two points. 
Final osmotic pressures measured after growth of P. 
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for 26 days were less than initial pressures for 
0.01 and 0.2 M and slightly higher for the 0.3 and 0.4 M 
solutions (Table 27). A gradual increase in OP was observed 
from 0.01 to 0.2 M followed by a large increase at 0-3 M 
(Figure 2). Osmotic pressures were measured because they 
represent moisture availability for growth of the pathogen. 
Table 2]. Mycelial pad dry weighta after 26 days growth 
of £. terrestrls on modified Czapek1 s medium 
in shake cultures at &a. 25° C 
Dextrose molarity Experiment 1 Experiment 2 Mean 
0.01 42.2 47-5 44.8 
0.05 
0 . 2  
0.1 
127.8 
174.7 
261.0 
151.0 
417.7 
115.5 121.7 
162.8 
339.4 
190.3 
220.3  0.4 
0.3 181.3 
204.0 
199.2 
236.5 
aIn mg/flask. 
Figure 1. Growth of £. terrestris in modified Czapek' 
medium on shake culture at 25° C 
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Table 24. Analysis of variance of growth data summarized 
in Table 23 
Source of variation Degrees Experiment 1 Experiment 2 
of Mean Mean 
freedom square square 
Molarities 5 16539.86** 48798.82** 
Individual flasks 12 393-35 2379.49 
(error) 
Total 17 
**Significant at the 1 per cent level. 
Table 25. Duncan's multiple range comparison of mycelial 
pad dry weight averages; data from Tables 23 and 24 
Experiment Level Means at dextrose molaritva 
number of 0.01 0.05 0.1 0.3 0.4 0.2 
probability 
1 0.05 42.2 127.8 174.7 181.3 204.0 261.0 
1 0.01 42.2 127.8 174.7 181.3 204.0 261.0 
2 0.05 47.5 H5.5 151.0 199.2 236.5 417.7 
2 0=01 47.5 115.5 151.0 199.2 236.5 417.7 
aAny two means not underscored by the same line are 
significantly different. 
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Table 26. Presence of reducing sugars after growth of 
P. terrestris for 26 days ça. 250 C 
Initial Experiment 1 Experiment 2 
dextrose molarity 
0.01 -a 
0.05 +b + 
0.1 + + 
0 . 2  +  +  
0.3 + + 
0.4 + + 
^Reducing sugars absent. 
^Reducing sugars present. 
Figure 2. Osmotic pressure of modified Czapek's medium 
before and after growth of £. terrestris for 
26 days at ça. 25° C 
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Table 2? • Osmotic pressures3, of modified Czapek's medium 
before and after growth of P. terrestris for 26 
days 
Initial Initial*3 Final osmotic pressure0 
dextrose 
molarity 
osmotic 
pressure 
Experiment 1 Experiment 2 Mean 
i—i o
 
1 ° 2.40 I. 85  2.57 2.21 
0 .05  3.52 2 .30  2.99 2.65 
0.1 5.17 3.23 4.53 3.88 
0.2 8.45 5.09 4 .36  4.73 
0.3 12.19 10.10 15-87 12.99 
0.4 14.75 14.32 18 .05  16.19 
aIn atmospheres. 
A^verage of two samples and three determinations 
each sample before growth of P. terrestris. 
cAverage of three samples and three determinations 
each sample after growth of P. terrestris. 
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DISCUSSION 
Soil borne fungi have been classified by Garrett as 
soil inhabitors and root inhibitors (14). Criteria used were: 
host range, ability to compete with other fungi, ability to 
colonize dead organic matter and ability to survive in soil 
for extended periods. Earlier, Garrett used relative 
parasitic ability as a criterion for classifying soil borne 
pathogens (16). Boot inhabiting fungi demonstrated expanding 
parasitic phases on living hosts followed by declining para­
sitic phases on dead hosts while soil inhabiting fungi showed 
only slowly increasing and then decreasing parasitic phases. 
£. terrestris has several characteristics typical of 
Garrett's soil inhabitors. The extensive host range and 
geographical distribution were previously discussed. The 
relative lack of competitive ability of this fungus created 
problems in establishing pure cultures as indicated by the 
use of water agar for isolation (l), and inhibition by 
various actinomycetes (13)• The fungus colonizes dead plant 
tissue (58) and exists for long periods in the soil. 
terrestris also has several characteristics typical 
of root inhabitors. The organism has a rapidly expanding 
parasitic phase (l) and this was confirmed by isolation 
experiments in this investigation. Results from a preliminary 
experiment suggested £. terrestris has a very limited ability 
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to grow through unsterilized soil in the presence of a food 
base. £. terrestris has characteristics of both soil- and 
root-inhabitors suggesting this organism may be intermediate 
between Garrett's two groups. 
In examining the parasitic phase of this organism, 
Borgman and Horton (l) found the frequency of successful 
isolation in I960 increased from zero to 100 per cent in 
three weeks. The frequency of successful isolation in 1961 
increased gradually for four weeks prior to July ?th after 
which the frequency rapidly increased from 10.8 to 100 per 
cent in the following four weeks. The rapid increase in 
disease incidence did not follow a gradual increase in soil 
temperatures. 
An assumption for this disease that soil temperature 
is the primary environmental factor controlling severity 
which is widely distributed in the literature probably arises 
from general observations, such as: Disease becomes maximum 
when soil temperatures are maximum (51); and onions grown 
on light soils show more disease than those grown on heavy 
soils (29). This assumption is supported by Gorenz al,. 
(18) and Kreutzer (33) who reported an optimum temperature 
for disease development of 28° C. The experimental results 
reported herein do not support this assumption; the rapid 
increase in disease incidence indicates involvement of other 
factors. 
51 
Effects of soil moisture, temperature, atmospheric 
and other environmental factors involved in root disease 
development are discussed in general terms by reviewers but 
experimental work supported by data is usually confined to 
effects of temperature (14, 15, 16, 4]). Soil temperatures 
are controlled with relative ease through use of temperature 
tanks or growth chambers (12). Difficulties inherent in 
controlling soil moisture at levels less than field capacity 
are evident from the large number of elaborate devices and 
systems developed for this purpose (11, 24, 25, 26, 28, 34, 
39, 40, 41, 44, 48, 55, 56, 57, 59). 
For experiments involving moisture levels, the 
moisture holding capacity of the sand was determined to be 
9*0 per cent. This is somewhat higher than the reported 3*29 
per cent for Oakley fine sand, 2.40 per cent for Plainfield 
fine sand (35) but less than the 12.0 per cent for sandy 
loams (38). Thus the silica sand used had a moisture holding 
capacity between fine sands and sandy loams. 
Silica quartz sand was selected for reproducibility 
of results over a relatively long experimental period and 
freedom from organic matter which allowed the controlled 
addition of macro- and micro-nutrients. The particular grade 
"Flintshot" was chosen for size and uniformity permitting 
rapid water movement and ample aeration of the roots without 
compaction. 
52 
Sand temperatures were controlled in water baths 
(temperature tanks) maintained + 1° C of 16°, 20°, 24° and 
28° C. These temperatures correspond to those used by 
Gorenz, Larson and Walker (18). An earlier soil culture 
study indicated the optimum temperature for disease develop­
ment to be 27° C (33). vitro optimum temperatures for 
the organism have been reported from 24° to 28° C (7, 18, 20, 
33» 37). When the optimum temperature for disease develop­
ment and for growth of the causal agent iû vitro correspond 
closely, as in the case of pink root disease and terrestris. 
28° and 24-28° C, respectively, the assumption is usually 
made that the primary effect of temperature was on the 
pathogen. Garrett labels such assumptions "somewhat 
optimistic" (14, p. 212). 
Studies of temperature effects by previous workers 
did not consider reactions of the host grown in non-infested 
sand. To determine this host reaction, onion variety SVG 
and iribreds la 163 and B 2190 were grown under identical 
conditions of non-infested and infested sand at the above 
four temperatures and at five moisture levels: 20, 40, 60, 
80 and 100 per cent of moisture holding capacity. Growth was 
measured as plant height and weight at the end of twenty-
eight days. 
The root disease rating system based on visible 
pinking symptoms established by Gorenz, Larson and Walker (18) 
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was not used for several reasons: 1. Only visible symptoms 
can be counted although plants may be infected up to seven 
days before expressing symptoms (33)• 2. Removal of intact 
root systems without breakage is difficult. 3* The index 
is based only on number of roots which show any pink symptoms 
and severity of infection on an individual root is not taken 
into account. 4. Onions at twenty-eight days may have from 
one to five roots. The system is based on number of roots 
infected divided by the number of roots. One infected root 
on a plant with only one root would give a disease rating of 
100 whereas one infected root on a plant with four roots 
would give a disease rating of twenty-five. 
Growth of SWG in non-infested sand was maximum at 
28° C and 100 per cent MHO (Figure 3)• Under diseased 
conditions however, best growth generally occurred at 20° C 
at the higher moisture levels. Top heights of healthy plants 
at 16° C varied from 67 mm at the low moisture level to 86 
mm at the high moisture level, a range of 19 mm, while at 
28° C they varied from 57 mm to 127 mm, a range of 70 mm. 
These ranges demonstrate the importance of moisture on plant 
growth at different temperatures. They also indicate plant 
variability; Southport White Globe is an open pollinated 
variety with a broad base genetically which provides individual 
plants able to grow well at high temperatures as well as others 
which grow well at low temperatures. 
Figure 3* Top height averages of Southport White Globe onions (data from 
Tables 3 and 7)  
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Two inbred onion lines were used to obtain more 
uniform plant growth. These lines contained different levels 
of resistance to pink root thus permitting a comparison, in 
general terms, of plant response to non-infested and infested 
sand culture. Uniformity of inbred plant growth is apparent 
(Figures 4 and 5), where curves for la 163 and B 2190 are 
commonly parallel. For both inbreds, the curve slope becomes 
appreciably sharper as temperatures are increased. Again 
maximum growth occurred at 28° C and the higher moisture 
levels. Under diseased conditions, 20° C was optimum for 
la 163, a moderately resistant inbred. Inbred B 2190 has 
more resistance and had an optimum of 28° C even under 
diseased conditions. The reasons for changes in the curves 
at the 40 per cent MHC are not understood. Variations in the 
curves were expected: In non-infested sand the first- and 
second-order interactions were not significant while in 
infested sand all interactions showed a significant difference. 
For this reason, the interactions of temperature, moisture and 
variety or inbred are much more important under diseased 
conditions than healthy. Of prime importance however, is the 
general conformity of curves for each inbred under healthy 
and diseased conditions. If changes in the environment 
altered behavior of the pathogen rather than the host, wide 
fluctuations in the growth curve should result. Since these 
fluctuations did not occur, the main effect of temperature and 
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moisture must be on the host. 
The analysis of variance for growth of both inbreds 
under healthy and diseased conditions demonstrates the value 
of disease resistance (Tables 14 and 18). Under heal<hy 
conditions the differences due to inbreds (Table 14) were 
not significant and at 20° C and 100 per cent MHC, la 163 
averaged 72.1 mg while B 2190 averaged 74.1 mg. Under 
diseased conditions, comparable figures were 56.2 mg and 
64.8 mg respectively, and the main effect of inbreds was 
significant at the 1 per cent level. The interaction of 
temperature by inbred was significant only in infested sand, 
and inspection of Table 17 shows B 2190 exceeded the growth 
of la 163 under all conditions. This was not true in non-
infested sand (Table 13)• The depressions in growth at 24° C 
which commonly occurred cannot be explained but are illus­
trated most clearly in Figures 6 and 7* 
When temperatures are compared for each moisture 
level (Figures 6 and 7), a peak commonly occurred at 20° C, 
the generalized optimum for root development. At the lowest 
moisture level of 20 per cent MHC, plant growth seemed to be 
a direct reflection of root system development. This pattern 
was not repeated at 40 per cent MHC for reasons not immediately 
apparent. Increasing the water supply from 60 to 100 per cent 
MHC generally increased growth with the exception of results 
at 24° C. It is not known whether values reported at 24° C are 
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low in comparison to values at other temperatures, or if 
results at 28° C are unusually high. Again, no immediate 
explanation is available for either situation. This devia­
tion is important if values for 20° and 28° are considered 
accurate. Testing in temperature tanks is usually done at 
24° C as suggested by Gorenz, Larson and Walker (18). If 
normal plant growth is reduced at 24° C, then certainly 
diseased plant growth would be reduced also yielding an 
excellent test in terms of disease development, but a poor 
test for detecting differences in plant growth. This con­
clusion can be checked by comparing plant growth for each 
inbred under healthy and diseased conditions (Figures 4 and 
5). Diseased plants at 28° C and above 60 per cent MHC did 
not equal healthy plants in height, but the curves are almost 
parallel indicating effects of changing the root environment, 
in terms of temperature and moisture, are primarily on the 
host rather than the pathogen. 
This effect holds true when all moisture levels are 
compared at each temperature for either the diseased or 
healthy condition of the two inbreds (Figures 6 and 7). A 
generalized increase in growth accompanied the increase of 
moisture at each temperature. As shown previously for SWG, 
slope of the curves was steepest at highest temperatures, and 
most gradual at lowest temperatures. The effect of resistance 
can be seen by comparing the curves for both inbreds and 
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Southport White Globe at 28° C (Figures 3» 4 and 5)• The 
relatively flat curve for Southport White Globe in infested 
sand indicates that even under high moisture conditions 
plants were unable to secure adequate moisture for growth. 
The two inbreds showed an increase in growth at moisture 
levels above 60 per cent which suggests that either moisture 
has little effect on pathogenicity of the organism or the 
pathogen had little effect on the plant. If the pathogen 
were favored by a specific level of soil moisture, a growth 
decrease would be expected at this level producing a curve 
which differed radically at this point from a curve for growth 
of onions in non-infested sand. Since the curves were similar, 
the conclusion was reached that the effect of moisture was 
upon the host. 
The effect of moisture on the organism was investi­
gated further by determining the effect of different osmotic 
pressures on growth. Levels of moisture in sand cultures and 
osmotic pressures of shake cultures are both relative measures 
of the availability of water. The pressure required to extract 
water from soil generally given for field capacity is 1.0 
atmosphere and for the permanent wilting point is 15-0 
atmospheres. It was observed that the 20 per cent MHC approx­
imated that of the permanent wilting point, or slightly above 
this point. On this basis, moisture levels of sand cultures 
were compared (in that they were more or less the same but not 
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equal) with growth of the pathogen in culture. Molarities 
of dextrose were used because this compound is generally non­
toxic and calculated osmotic pressures could be made using 
freezing point depressions. A straight line for molarity 
and osmotic pressure was achieved (Figure 2). A 0.4 M 
dextrose solution could be considered to correspond with the 
permanent wilting point of sand cultures or the 20 per cent 
MHC level. The 0.3 M solution is about the same as the 40 
per cent moisture level, 0.2 M solution as the 60 per cent 
level and 0.05 M as the 80 per cent level. The osmotic pres­
sure of the lowest dextrose concentration did not reach 1.0 
atmosphere pressure which would be similar to the 100 per 
cent MHC level. 
Optimum growth of £. terrestris occurred at a 0.2 M 
dextrose concentration (Table 23, Figure l) or approximately 
the 60 per cent moisture level. Initial osmotic pressure of 
this solution was found to be 8.45 atmospheres (Table 27). 
Amount of dextrose present was not a limiting factor on 
growth of the organism except at 0.01 M solution as determined 
by residual sugar after harvest (Table 26). 
A growth curve of the organism at various dextrose 
molarities showed a rapid increase in growth to the 0.2 M 
solution followed by a decrease at 0.3 M (Figure 2). The 
slight increase suggested by the growth curve from 0.3 to 
0.4 M was not significant. This curve shows the ability of 
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£. terrestris to grow over a wide range of dextrose molarities 
and by inference, over a wide range of moisture conditions. 
This tends to support the conclusion that the effect of 
moisture is more upon growth of the host than upon growth of 
the pathogen. 
Comparison of inbred and SWG root systems failed to 
detect differences in either root development or number. It 
may be concluded that resistance is physiological or 
anatomical rather than an increase in root number, length 
or size. Roots of SWG in infested sand were uniformly pink 
and, frequently upon removal from the sand, the cortex 
separated from the stele. By contrast the inbreds had smaller 
areas with pink coloration on individual roots, fewer infected 
roots and whole root systems frequently could be removed from 
the sand. Obviously, the most accurate system for determining 
resistance levels would be a direct comparison of root systems, 
and this is common practice. In utilizing this system one 
should be aware of two major weak points: Comparisons over 
periods of time demand highly standardized techniques and 
the root systems must be removed intact. Difficulties of 
technique can be surmounted, but moisture must be controlled 
in place of the random watering methods presently used. 
Removal of root systems presents a problem because infected 
areas are very weak and the least effort will break the root 
at these points. If symptoms are not evident either due to 
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resistance or because infected areas have broken off, the 
plant is considered resistant and would be included in the 
breeding program. Inclusion of susceptible plants would 
defeat the purpose of inbreeding or sibbing only resistant 
plants because seed lines are commonly massed. This may 
explain erratic results in a program examining the genetic 
basis for inheritance of pink root resistance. 
This investigation suggests many possibilities for 
future research. Changes in disease incidence should be 
examined to determine what causes the rapid increase observed 
in field isolation experiments. The possibility of moisture 
being involved has been already suggested. It is also 
possible that other factors which tend to weaken onion plants 
may cause the same effect. A preliminary experiment involving 
clipping tops (or leaves) of onion plants back to one inch 
height at weekly intervals suggested disease was more severe 
for plants with clipped tops than controls. 
The general observation was also made that selection 
of root tips and areas where branch roots broke through the 
cortex were unusually good for successful isolation of the 
organism. This suggests penetration and establishment of the 
organism are associated with root morphology. 
Other environmental factors commonly associated with 
soil borne diseases but not yet studied in relation to pink 
root to be investigated include: Nutrition, aeration, soil 
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structure, and exchange of 0^  and COg. 
Another line of study was suggested by the need for 
accurate moisture control for studying host-parasite inter­
actions with soil borne pathogens. This need is apparent 
from a lack of information regarding the role of soil moisture 
in disease development. Use of an inert chemical, for changing 
the solvent concentration in a continuous flow watering system 
and thereby controlling the moisture available for growth of 
the host and parasite is an exciting possibility. A poly­
merized polyethylene glycol (trade-mark Carbowax from Carbide 
and Carbon Chemicals Co., New York, New York) is being 
investigated presently at several universities. 
Boot exudates could be associated with a rapid 
increase in disease incidence. It is possible that onion 
plants produce increasing amounts of root exudates as the 
plants grow, and that these materials provide a food base for 
fungi. This food base could provide additional and/or 
essential growth factors for the development of populations 
of actinomycetes which have been shown to be antagonistic to 
terrestris (13) or the growth factors necessary for a build­
up of £. terrestris mycelium which could result in the rapid 
increase in disease incidence. 
One other line of investigation would be the method 
of overwintering of the organism, the amount of primary inocu­
lum present and the vertical distribution of the pathogen in 
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the soil. The pink root organism is a perennial inhabitor 
of onion fields but its presence may not be obvious until 
harvest time. Yield losses due to light infections of the 
organism have never been measured, but pruning of the root 
systems assuredly causes some loss every year. 
When all the above factors have been made clear, 
and when conditions which influence the survival, entrance 
and development of the organism in roots are known, and what 
factors render plants more or less susceptible, then we will 
be able to predict, control and understand the disease. 
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SUMMARY 
1. Information on behavior of terrestris. its host range 
and distribution, suggested this organism is intermediate 
in Garrett1 s classification of pathogenic soil fungi. 
2. Isolation experiments confirmed a rapidly expanding 
parasitic phase for terrestris in the summer of 1961. 
3* A rapid increase in disease incidence during a gradual 
increase in soil temperatures indicated factors other 
than temperature control disease development. 
4. Top heights and weights of onions grown in non-infested 
and infested sand cultures at varying temperature and 
moisture levels were maximum at 28° C and 100 per cent 
moisture holding capacity. 
5* Growth curves indicated variations in moisture influenced 
plant growth more at 28° C than at 16° C. 
6. Resistance screening tests commonly employ a soil 
temperature of 24° C which favors disease development. 
At this temperature growth of onions in non-infested sand 
was retarded creating conditions unfavorable for detecting 
differences in plant growth. A soil temperature of 28° C 
was recommended for future resistance screening tests. 
7• Growth curves of inbreds grown in non-infested and infested 
sand culture were parallel and were interpreted to mean 
temperature, moisture and their interaction influence 
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growth of the host more than the pathogen. This conclu­
sion was supported by iû vitro studies of £,. terrestris 
using different dextrose molarities to achieve a range 
of osmotic pressures. Although optimum growth occurred 
at 0.2 Molar dextrose concentration which had an osmotic 
pressure of 8.45 atmospheres, good growth resulted at 
five to fifteen atmospheres. This was interpreted as an 
ability of £> terrestris to grow over a wide range of 
available moisture. 
8. Growth curves of both inbreds were parallel but differed 
in magnitude. In infested sand top heights and weights 
of inbred B 2190 were greater than those of la 163 
reflecting the higher level of resistance in B 2190. 
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APPENDIX 
Table 28. Growth, as measured by top height in mm, of 
Southport White Globe onions in non-infested sand 
Temperature3 Moisture*5 Eepli cate Mean of 
°C 1 c 2 3 replicates 
16 20 67-7 61. 0 72. 9 67-.2 
40 68. 2 63-4 65 • 9 65' .8 
60 79. 0 83. 1 73 •5 78, •5 
80 78. 6 83. 4 53 .0 71. •7 
100 84. 3 84. 6 89 • 9 86. •3 
20 20 93-5 50. 3 82 • 7 75 •5 
40 68. 9 80. 0 66 .6 71 .8 
60 87-8 88. 9 86 .2 87 .6 
80 101. 1 101. 9 90 .0 97 • 7 
100 89. .1 106. 1 101 •7 99 .0 
24 20 74. .6 46. 4 66 •3 62 .4 
40 76. •5 93-0 68 .2 79 .2 
60 82. ,1 96. ,8 82 .2 87 .0 
80 93-•5 101. 1 101 • 7 98 .8 
100 125-.8 102. 7 108 .0 112 .2 
28 20 52. 2 70. •3 47 .4 56 .6 
40 90. •3 77-.2 67 .4 78 •3 
60 83-.0 87. 9 58 • 9 76 .6 
80 92, 
-5 96. .8 108 .0 99 .1 
100 133-.8 124. .8 122 .9 127 .2 
T^emperature of water bath. 
P^ercentage of moisture holding capacity. 
A^verages of 16 plants. 
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Table 29• Growth, as measured by top weight in mg, of 
Southport White Globe onions in non-infested sand 
Temperature3, Moisture13 Replicate Mean of 
°C Ie 2 3 replicates 
16 20 35.1 29.3 37.1 33-8 
40 34.6 36.7 35.O 35-4 
60 45.4 49.1 40.3 44.9 
80 44.7 48.2 34.9 42.6 
100 46.6 52.2 56.0 51.9 
20 20 51.2 23.8 46.4 40.5 
40 38.2 43.9 37-3 39.8 
60 47.3 51.3 48.6 49.1 
80 57.0 59.0 52.6 56.2 
100 50.9 60.4 61.7 57.7 
24 20 34.0 13.2 31.1 26.1 
40 35.7 44.8 25.8 35.4 
60 37.5 46.0 35-6 39.7 
80 44.0 52.0 47.6 47.9 
100 63.9 50.7 53-3 56.0 
28 20 16.7 38.7 14.0 23.I 
40 39.8 32.0 36.7 36.2 
60 30.1 36.3 18.3 28.2 
80 37.8 43.7 49.5 43.7 
100 58.7 57.1 63.2 59.7 
T^emperature of water bath. 
P^ercentage of moisture holding capacity. 
A^verages of 16 plants• 
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Table 30• Growth, as measured by top height in mm, of 
Southport White Globe onions in infested sand 
Temperature3 Moisture^  Replicate Mean of 
°C Ie 2 3 replicates 
16 20 69 -2  59.5 76.4 68.4 
40 54.9 54.4 62 .6  57.3 
60 54.9 48.6 58.4 54.0 
80 67.8 60 .7  70.7 66.4 
100 85.I 74.8 68 .7  76 .2  
20  20  67.1 65 .8  56 .8  63 .2  
40 63.2 53-7 66 .9  61 .6  
60 83 .4  72 .9  56.9 71.1 
80 77.0 78 .0  75-0 76.7 
100 67-4 88.0 89 .6  81.7 
24 20 57-2 59.1 52.3 56.2 
40 53.0 47.7 55-8 52.2 
60 72.7 49-6 59-9 60.7 
80 44.0 68.8 66 .3  59.7 
100 82.4 66.0 95-1 81.2 
28 20 52.9 67.4 50.9 57.1 
40 53-6 51-3 65-3 56.7 
60 69-5 43.2 55-0 55.9 
80 64.0 76.6 76 .8  72.5 
100 48.0 45.2 39.7 44.3 
T^emperature of water bath. 
P^ercentage of moisture holding capacity. 
cAverages of 16 plants. 
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Table 31. Growth, as measured by top weight in mg, of 
Southport White Globe onions in infested sand 
Temperature3 Moisture*5 Eeplicate Mean of 
°C Ie 2 3 replicates 
16 20 32.4 24.1 37.0 31.8 
40 20.3 24.8 23.5 22.9 
60 20.2 21.7 28.0 23.3 
80 23.3 31.8 29.3 31.0 
100 37.9 30.3 38.1 35-4 
20 20 24.9 26.7 20.7 24.1 
40 19.5 28.0 23.2 23.6 
60 29.2 31.3 21.0 27.2 
80 41.7 44.8 41-5 42.7 
100 28.1 45.O 44.3 39.1 
24 20 16.5 21.2 18.3 18.7 
40 20.3 20.0 20.0 20.1 
60 25.5 16.5 22.9 21.6 
80 14.6 27.1 28.8 23.5 
100 24.4 21.6 30.9 25.6 
28 20 25.6 19.5 27.5 24.2 
40 22.9 23.7 29.1 25.2 
60 22.7 14.4 22.0 19.7 
80 27.4 33.O 30.9 30.4 
100 13.9 16.2 15.5 15.2 
T^emperature of water bath. 
P^ercentage of moisture holding capacity. 
0Averages of 16 plants. 
Table 32. Growth, as measured by top height in mm, of inbreds la 163 and B 2190 
in non-infested sand 
Temperature0 Moisture*3 Inbred 
°C la 161 B 2lM 
1° 2 3 Mean of l 2 3 Mean of 
repli- repli­
cates cates 
16 20 53-6 49.6 41.1 48.1 54.3 45.8 39-6 46.6 
40 56.6 57-7 49.6 54.6 52.4 57.3 61.3 57.o 
60 60.8 70.3 70.7 67.2 71.4 59.3 56.3 62.3 
80 70.0 53-2 67.4 63-5 69.2 49.4 59-1 59.2 
100 79.3 66.1 63.4 69.9 76.8 68.3 71.3 72.1 
20 20 67.0 53.0 71.2 67.1 71.2 44.9 62.6 59.9 
40 57.5 56.8 47.8 54.0 49.3 65.9 34.7 50.0 
60 66.1 60.8 61.8 62.9 79.1 87.1 67.6 78.0 
80 85.8 87.6 83.3 85.6 85.9 78.3 85.1 83.i 
100 86.9 93-6 98.4 93.o 77-9 88.9 85.8 84.2 
24 20 54.6 45.0 64.2 54.6 47.5 40.0 55.1 47.5 
40 58.0 54.4 30.0 47.5 62.1 71.1 34.2 55-8 
60 63.2 68.8 51.3 61.1 70.0 63.4 45.7 59.7 
80 85-3 85.1 83.i 84.5 77-3 85.3 65.8 76.1 
100 90.9 59.8 98.6 83.i 87-5 53-3 75-1 72.0 
^Temperature of water bath. 
^Percentage of moisture holding capacity. 
cAverage of 16 plants. 
Table 32 (Continued) 
Temperature® Moisture*5 Inbrefl 
°c la 161 iTzIW 
1® 2 3 Mean of 12 3 Mean of 
repli- repli­
cates cat es 
20 39-6 57-8 38.3 45.2 33.O 58.0 51.8 47.6 
40 69.6 67.6 47.8 61.7 60.2 38.1 41.7 46.7 
60 85.2 77-9 92.4 85-2 81.6 60.3 102.9 81.6 
80 82.8 97-4 95-2 91.8 89-7 91.4 85.I 88.7 
100 96.3 88.2 103.6 96.0 77.4 86.0 92.1 85-2 
Table 33- Growth, as measured by top weight in mg, of inbreds la 163 and B 2190 
in non-infested sand 
Temperature® Moisture*3 ——, Inbred 
°c ift 163 
Ie 2 3 Mean of 1 2 3 Mean of 
repli- repli­
cates cates 
16 20 46.3 34.8 19.2 33-4 41.0 32.9 19.8 31.2 
40 43.1 36.4 31.3 36.9 38.6 38.9 39-6 39.0 
60 39.0 57.7 45.9 47.5 58.2 43-7 35-7 45.9 
80 49.1 45.2 51.5 48.6 60.4 39-0 46.5 48.6 
100 56.4 61.0 45.5 54.3 54.2 58.1 49.6 54.0 
20 20 53-4 32.7 32.3 39-5 66.7 27-9 41.2 45-3 
40 36.7 46.3 35-8 39.9 30.3 50.5 21.4 34.1 
60 58.1 41.1 42.3 47.2 68.8 107.9 48.3 75-0 
80 55.5 69.2 88.3 71.0 67-3 76.4 84.7 79-5 
100 59.1 63.6 93-6 72.1 63.4 56.3 82.5 74.1 
24 20 29.1 21.1 37.0 29.1 27.6 24.4 31.8 27.9 
40 31.6 26.4 12.5 23.5 34.9 41.9 17.9 31-6 
60 33-6 49.6 23.9 35-7 41.8 44.9 23.I 36.6 
80 67.3 68.3 56.0 63-9 69.5 64.4 41.5 58.8 
100 80.8 36.9 97.4 71-7 71.3 26.4 63.O 53-6 
^Temperature of water bath. 
^Percentage of moisture holding capacity. 
cAverage of 16 plants. 
Table 33 (Continued.) 
Temperature® Moisture*3 Inbred 
°C la 16? B 2190 
ic 2 3 Mean of 1 2 3 Mean of 
repli- repli­
cates cates 
28 20 14.1 34.8 I3.6 20.8 10.9 34.2 23*4 22.8 
40 47.I 43.1 23.3 37.8 38.2 16.3 16.4 23.6 
60 47.3 37.7 56.9 47.3 59.0 37.0 81.0 59.0 
80 61.0 68.9 59.8 63.2 66.7 66.5 50.5 61.2 
100 60.3 54.8 87.8 67.6 43.6 50.2 67.7 53.8 
Table 34. Growth, as measured by top height in mm, of inbreds la 163 and B 2190 
in infested sand 
Temperature0 Moistureb Inbred 
°C la 161 B 2190 
l° 2 3 Mean of 1 2 3 Mean of 
repli- repli­
cates cates 
16 20 3 5.6 37-1 39.0 37.2 40.1 42.8 38.5 40.5 
40 45.7 44.2 42.2 44.0 52.8 51.8 53-0 52.5 
60 58.9 58.9 59-4 59.1 60.4 52.2 61.1 57-9 
80 60.8 51.4 57.5 56.6 49.8 55-4 57.6 54.3 
100 63.O 60.9 52.2 58.7 67.7 74.3 57.1 66.4 
20 20 49.9 57.3 46.2 51.1 55.8 57-5 44.6 52.6 
40 44.7 50.3 40.8 45.3 53*9 40.6 42.1 45-5 
60 45.3 48.5 58.1 50.6 67.6 71.0 72.5 70.4 
80 75.1 70.8 68.1 71.3 74.3 76.1 71.3 73-9 
100 83.5 8 7.7 87.6 86.3 76.4 77.1 71.8 75-1 
24 20 32.7 36.5 34.4 34.9 41.1 40.1 37-8 39-7 
40 34.3 36.9 35.3 35-5 45.6 42.7 46.4 44.9 
60 39-7 36.5 45.9 40.7 52.7 53-3 45.1 50.4 
80 63.8 64.5 50.3 59.5 68.1 71.7 52.1 64.0 
100 72.9 63.I 59.2 65.1 71.9 68.3 56.7 65.6 
^Temperature of water bath. 
^Percentage of moisture holding capacity. 
cAverage of 16 plants. 
Table 34 (Continued) 
Temperature® Moistureb Inbred 
°C la 161 BTÏ9Ô 
Ie 2 3 Mean of 1 2 3 Mean of 
repli- repli­
cates cates 
20 28.2 26.1 31.3 28.5 36.1 37-6 43.4 39.0 
40 29.6 29.6 32.3 30.5 30.1 30.4 34.7 31.7 
60 52.8 52.1 54.9 53-3 68.4 66.8 63.9 66.4 
80 69.1 7 0.8 68.4 69.4 7 4.8 80.7 89.6 81.7 
100 75-0 75*6 72.5 74.4 80.6 8o.3 77.6 79.5 
Table 35* Growth, as measured by top weight in mg, of inbreds la 163 and B 2190 
in infested sand 
Temperature8, Moisture^ Inbred 
°C  ^fo 3.63 B^ Ï9Ô 
Ie 2 3 Mean of 1 2 3 Mean of 
repli- repli­
cates cates 
16 20 19.1 21.4 23.7 21.4 25.I 27.4 25.3 25.9 
40 27.4 26.4 22.8 25.5 32.4 34.1 35.8 34.1 
60 38.4 36.2 37.1 37.2 43.8 31.2 44.4 39.8 
80 41.9 33-4 35.8 37.0 37.4 44.8 48.3 43.5 
100 47.0 48.8 34.5 43.4 51.4 56.1 37.7 48.4 
20 20 24.0 28.2 20.9 24.4 38.3 38.8 29-4 35-5 
40 25.6 32.7 19.4 25.9 44.6 32.9 42.6 40.0 
60 32.6 34.1 37-3 34.7 37.3 48.6 51-5 45.8 
80 52.0 57- 9 50.8 53.6 60 .8 62.1 52.2 58.4 
100 53-3 57-4 57.9 56.2 65.8 66.9 61.8 64.8 
24 20 17.4 21.3 20.2 19.6 26.3 25.3 21.8 24.5 
40 22.6 26.9 24.3 24.6 26.8 23.2 27.7 25.9 
60 26.7 24.1 31.1 27.3 32.1 32.9 26.7 30.6 
80 41.9 43.3 32.3 39.2 53.3 57.6 42.4 51.1 
100 58.6 53.8 49.9 54.1 51.9 53-4 51.9 49.7 
^Temperature of water bath. 
^Percentage of moisture holding capacity. 
cAverage of 16 plants. 
Table 35 (Continued) 
Temperature3 Moisture*3 Inbred 
°C la 161 g EM. 
Ie 2 3 Mean of 1 2 3 Mean of 
repli- repli­
cates cates 
20 12.7 13.4 21.7 15-9 10.5 21.4 21.9 17.9 
40 22.0 17.9 21.4 20.4 23.6 18.5 22.6 21.6 
60 30.8 28.8 30.2 29.9 32.1 28.2 30.4 30.2 
80 42.6 40.1 39.3 40.7 46.6 49.4 50.7 48.9 
100 44.4 45.8 42.8 44.3 50.7 50.1 46.8 49.2 
93 
Table 36. Mycelial pad dry weight in mg after 26 days 
growth of £. terrestris on modified Czapek1 s 
medium in shake cultures at 25° C 
Dextrose 
molarity 
Replication Experiment 1 Experiment 2 
0.01 1 40.5 4 7-5 
2 41.5 47.0 
3 44.5 48.0 
0.05 l 131.5 124.0 
2 132.0 122.5 
3 120.0 100.0 
0.1 1 157.0 135.5 
2 174.0 159.5 
3 193.0 158.0 
0.2 1 282.5 295.0 
2 234.0 529.0 
3 266.5 329.0 
0.3 1 162.0 209.0 
2 161.0 180.0 
3 221.0 208.5 
0.4 l 192.5 282.0 
2 200.0 255.0 
3 219.5 172.5 
